Essential hypertension is a complex genetic trait. Genetic variant of alpha adducin (ADD1) gene have been implicated as a risk factor for hypertension. Given its clinical significance, we investigated the association between ADD1 Gly460Trp gene polymorphism and essential hypertension in an Indian population. Further, a meta-analysis was carried out to estimate the risk of hypertension.
Introduction
Essential hypertension is a highly prevalent, complex, multifactorial disorder that arises from the interaction of genetic predisposition and environmental risk factors. It is significantly associated with the pathophysiology of cardiovascular disorders such as myocardial infarction, stroke, and coronary artery disease. Epidemiologic studies revealed that 20-40% variation in blood pressure is due to genetic heritability. [1, 2] Numerous genetic markers have been identified in the regulation of blood pressure and essential hypertension. [3] One such marker that has drawn substantial attention is α-adducin (ADD1) gene. Adducin, a cytoskeleton component, is a heterodimeric protein present in many tissues with α, β and γ subunits involved in cell to cell contact, cell membrane ion transport and signal transduction. [4] [5] [6] ADD1 is one among the proteins that regulate Na + -K + ATPase activity. Abnormalities in adducin by genetic mutation have been shown to influence the surface expression and maximum velocity of Na + -K + ATPase and subsequently faster renal tubular Na reabsorption. [6] Fifty percent of variation in blood pressure between the Milan hypertensive and normotensive rat strains are due to point mutations in the α and β subunits of adducin. [7] Clinical and experimental studies have demonstrated the potential involvement of ADD1 in the pathogenesis of essential hypertension both in human and animals. [8] The gene encoding human ADD1 is mapped onto the chromosome location 4p16.3. The common molecular variant of the ADD1 gene causing the substitution of tryptophan instead of glycine (Gly460Trp) at amino acid position 460 was found to be associated with increased risk of hypertension [9] and other cardiovascular risk factors such as hyperlipidemia [10] and left ventricular hypertrophy. [11] There are studies reporting the association between the ADD1 gene polymorphism and susceptibility to essential hypertension but the results have been inconsistent and inconclusive. Some studies implicated the positive association of the Gly460Trp polymorphism, [12] [13] [14] [15] whereas other studies reported negative association. [16] [17] [18] [19] [20] [21] [22] Several studies have described the role of ADD1 gene polymorphism in hypertension worldwide and there is paucity of data relevant to the Indian population. In view of the above, we carried out a case-control study to investigate the association of ADD1 gene Gly460Trp polymorphism and susceptibility to essential hypertension in a south Indian Tamil population. In addition, a metaanalysis was conducted to examine the prevalence of Gly460Trp polymorphism comprising 45 studies.
Materials and Methods

Study subjects
The study was carried out in 432 unrelated essential hypertensive cases (212 men and 220 women) aged 30-60 years. They were diagnosed and selected from the outpatient clinics of hypertension and internal medicine (JIPMER hospital, Pondicherry, India 
Genotyping
Five milliliter of venous blood was collected using ethylene diamine tetra acetic acid (EDTA) as anticoagulant. Genomic DNA was extracted from the peripheral leucocytes using the standard phenol: chloroform method and stored at 4 0 C. Genotyping for 
Statistical analysis
Statistical analysis was done using Statistical 
Results
Demographic characteristics of the study subjects
The baseline characteristics of the study subjects are shown in 
Genotype distribution of ADD1 (Gly460Trp) gene polymorphism among cases and controls
The genotype and allele frequencies are shown in 
Gender specific distribution of ADD1 (Gly460Trp) gene polymorphism among cases and controls
Gender specific analysis was carried out by comparing were higher in male cases as compared to male controls. These confounding variables were adjusted by logistic regression analysis to calculate the adjusted odds ratio as shown in Table 3 . Gender specific distribution also did not reveal any significant association before and even after adjusting the confounding variables among the cases and controls.
Prevalence of 460Trp allele among different ethnics
A meta-analysis was conducted on Gly460Trp polymorphism of the ADD1 gene comprising 45 studies [9] [10] [11] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 
460Trp allele and hypertension
Further, we also analyzed the association between ADD1 Gly460Trp polymorphism and essential hypertension by combining 15 case-control studies, involving 3187 cases and 3720 controls [9, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [24] [25] [26] [27] as shown in Table 4 .
Surprisingly, the overall prevalence of 460Trp allele was higher in control subjects that amounted to 34.7% as compared to 32% in cases. The estimated overall risk for hypertension associated with 460Trp allele was not significant with odds ratio lesser than 1.0 (OR 0.9; 95% CI 0.8-0.9). Sub-group analysis by ethnicity showed lack of association in Caucasians (OR 0.9; 95% CI 0.8-1.0), Asians (OR 1.1; 95% CI 0.9-1.2) and Blacks (OR 1.1; 95% CI 0.8-1.5) as well. However, the odds of risk was significantly Values in parenthesis indicate percentage, a Odds ratio according to genotype was estimated after adjusting the cofounding variables for smoking and alcohol consumption in male subjects and for age in female subjects.
with other studies conducted in Japanese, Chinese, Koreans and Caucasians. [16, 18, 20, 21, 24] In contrast, the results were not in agreement with those published from the same Caucasians, Japanese, Africans and Chinese populations. [9, [13] [14] [15] When the influence of Gly460Trp polymorphism was analyzed for male and female participants separately, differences in genotypes and alleles were statistically insignificant and were not associated with hypertension. Very few studies investigated the gender specific association between Gly460Trp polymorphism and hypertension. A casecontrol study in a Japanese population showed significant association between Gly460Trp polymorphism and hypertension in female hypertensive cases. [49] Significant association between ADD1 Gly460Trp gene polymorphism and essential hypertension was first reported by Cusi et al, in white population. They observed that the Gly460Trp polymorphism is associated with salt sensitive form of hypertension. [9] Later on, several other studies were carried out to establish the role of ADD1 Gly460Trp polymorphism in the etiology of essential hypertension. However, varied results have been obtained. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] It has been postulated that ADD1 may affect blood and Africans (OR 2.7; 95% CI 1.1-6.7). [9, 13, 14] In the present meta-analysis the Gly460Trp polymorphism does not predict the risk of essential hypertension.
Discussion
Cardiovascular disease is the leading cause of death in both the economically developed and developing countries. The recent epidemiological investigation on Indian population has shown that the incidence of cardiac events and cardiac mortality would be doubled by the year 2020. In India, hypertension directly accounts for about 57% of stroke and 27% of CAD deaths. [56] To the best of our knowledge, the present study is the first and largest case-control study to address the role of Gly460Trp polymorphism of the ADD1 gene and susceptibility to essential hypertension in an Indian population. Our data showed that the genotype and allele frequencies were similar between hypertensive cases and controls and were not associated with hypertension.
Despite the difference in the variant allele frequency, the results of the present study were in accordance [27] Mead, 2005 [22] Total Asians Ishikawa, 1998 [16] Kato, 1998 [18] Tamaki, 1998 [13] * He, 2000 [20] Ju, 2003 [15] Shin, 2004 [21] Total Blacks Barlassina, 2000 [14] * Larson, 2000 [19] Total All subjects 51 between ADD1 polymorphism and anti-hypertensive drug response. [9, 44, 57, 58] Specifically, carriers of 460Trp variant showed a greater fall in mean arterial BP and lower plasma renin activity than Gly460Gly homozygous wild type carriers after hydrochlorothiazide treatment in Caucasians. [9, 44, 57] On the other hand, similar results
were not observed in another Caucasian population after treatment with diuretics, ACE inhibitors and β blockers. [58] However, in a Caucasian population genegene-drug interaction (variants of ADD1 W allele + AGT T allele + diuretics) significantly reduced DBP in hypertensive cases after diuretic therapy. [58] In the Rotterdam study, the ADD1 polymorphism predicted the high risk of mortality in type 2 diabetic patients and increased mean common carotid IMT in relation to hypertension. [28] Furthermore, this polymorphism was also found to be associated with atherosclerosis, stroke and MI. [58] Similarly, 460Trp
allele was associated with stroke in Dutch women and the risk was elevated in the presence of systolic hypertension. [29] In contrast, it was not associated with MI in Dutch men. [30] A large prospective study conducted in middle aged men suggested that the variant allele 460Trp was significantly associated with peripheral artery disease and coronary artery disease. [31] In addition, carriers for 460Trp allele were more sensitive to changes in body sodium than the carriers for Gly460 in hypertensives, suggesting an increased reabsorption of sodium in the proximal tubule. [32] Factors that contribute to this difference may include genetic diversity within the subgroup, different study designs, sample size and environmental exposures.
Even though several studies were done on ADD1
polymorphism, meta-analysis is not available so far. In the present meta-analysis, the occurrence of variant allele The strength of our study includes strict selection of cases and controls from homogenous population.
In conclusion, neither the present study nor the metaanalysis offers evidence for the ADD1 variant 460Trp in the causation of essential hypertension suggesting that it is unlikely to be a predisposing factor in hypertension.
